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Abstract
Few clinical protocols have focused on patients with therapy-related myeloid neoplasms (t-MN). Therefore, we enrolled 32
patients with previously untreated t-MN on a clinical trial testing the effectiveness of a unified induction regimen of high-
dose cytarabine and mitoxantrone. The complete remission (CR) rate was 66% (95% CI 47–81%) and the partial remission
(PR) rate was 16% (95% CI 5–33%), for an overall response rate of 82%. Day 30 treatment mortality was 9% (3/32), and the
most serious induction toxicity was cardiac dysfunction. Among the patients with CR, 13 (62%) received consolidation
therapy using an allogeneic hematopoietic cell transplant (HCT), four (21%) received an autologous HCT, and three (16%)
received further chemotherapy. We observed long-term disease-free survival in patients who received all three types of
consolidation therapy. The remission induction of high-dose cytarabine and mitoxantrone for t-MN is a well-tolerated
efficacious combination, which allows aggressive consolidation and long-term disease-free survival.
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Abbreviations: Allo¼allogeneic; Auto¼autologous; ALL¼acute lymphoblastic leukemia; AML¼acute myeloid leukemia;
ANC¼absolute neutrophil count; Ca¼cancer; Chemo¼chemotherapy; CAD¼coronary artery disease; CBC¼complete blood
count; CCyR¼complete cytogenetic remission; CHF¼congestive heart failure; CI¼confidence interval; CLL¼chronic
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Introduction

Therapy-related myelodysplastic syndrome (t-

MDS) and therapy-related acute myeloid leukemia

(t-AML) are late complications of cytotoxic

therapies used to treat malignant and, increasingly,

non-malignant conditions. Based on clinical, mor-

phological, and genetic features, t-MDS and t-

AML represent a leukemic spectrum that is

recognized by the World Health Organization

(WHO) in a singular classification, therapy-related

myeloid neoplasms (t-MN) [1]. Morphologically,

t-MN most often resembles AML with multilineage

dysplasia, also a distinct form of de novo AML

within the WHO classification.
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The characteristics of t-MN and the timing of its

development after a primary diagnosis depend on the

exposure to specific agents, the cumulative dose, and

dose intensity of the preceding cytotoxic therapy. The

classic form of t-MN typically follows 5–7 years after

treatment with alkylating agents and/or radiation

therapy, and often has complex cytogenetic abnormal-

ities, including loss of part or all of chromosomes 5 and/

or 7 [2]. t-MN following chemotherapy with topoi-

somerase II inhibitors is characterized by translocations

involving the MLL gene at chromosome band 11q23, or

the RUNX1 (CBFA/AML1) gene on chromosome band

21q22, and often occurs within 3 years of the first

cytotoxic therapy, rapidly presenting with a high white

blood cell count without a myelodysplastic phase [3].

t-MN is being diagnosed increasingly in patients

treated for non-malignant primary conditions,

either rheumatologic or following solid organ trans-

plant, for which patients had received immunosup-

pressive therapies not previously thought to cause

DNA damage directly [4]. Thus, a growing body of

work suggests that the use of any compound that

could damage DNA directly, interfere with DNA

repair, or suppress the immune system’s ability to

detect malignant cells increases the risk of t-MN.

There is no standard remission induction therapy

for patients with t-MN, nor is there consensus

regarding post-remission therapy. Few studies have

examined the remission induction rates and out-

comes of patients with t-MN exclusively. Clinical

trials most often exclude these patients, or include

them along with other high-risk patients, such as

those who have transformed from a previous

myelodysplastic or myeloproliferative disease [5].

Where data are available from prospective clinical

trials, the complete remission (CR) rate following

standard 7þ 3 regimens using cytarabine and an

anthracycline appears to be 40–50% among selected

patients. Outcomes for patients with t-MN under-

going hematopoietic stem cell transplant (HCT)

have been reported in small series, but these

patients have often received a variety of induction

regimens [6–10].

Because t-MN is a distinct clinical entity, we

developed a uniform prospective treatment approach

for patients with this disease. We used a single

induction regimen, high-dose cytarabine with mitox-

antrone, followed whenever possible by HCT. We

demonstrate here that it is possible to collect

autologous stem cells from selected patients in

remission from t-MN, and furthermore, that these

stem cells engraft and provide durable and adequate

graft function. Our overall approach was efficacious

and well tolerated, even in older patients and in those

with comorbidities, providing support for treatment

strategies with curative intent.

Materials and methods

Study subjects

The trial was reviewed and approved by the Institu-

tional Review Board (IRB) at The University of

Chicago, and patients provided written informed

consent. To qualify for enrollment, patients had to be

�10 years of age and had to have received prior

cytotoxic chemotherapy, radiation, or a drug known

to affect the properties of DNA or cell growth for

some non-myeloid disorder. All patients underwent a

pre-treatment bone marrow biopsy with hemato-

pathology review and cytogenetic analysis. All cases

were categorized according to WHO criteria [1].

Exclusion criteria included prior therapy for t-MN,

uncontrolled medical disease, positive human im-

munodeficiency virus (HIV) serology, and women

who were pregnant or breast-feeding. The primary

endpoint of this clinical trial was the remission

induction rate. Secondary endpoints included toxi-

city, relapse-free survival, overall survival, and the

feasibility of autologous stem cell collection.

Treatment and dose modifications

All study subjects were registered with the Protocol

and Data Management Office. Induction chemother-

apy consisted of preservative-free high-dose cytar-

abine (HiDAC) at 3000 mg/m2 in 1000 mL D5W

(5% dextrose in water) by intravenous (IV) infusion

over 4 h, once on day 1 and once on day 5 (for a total

of two doses) followed by mitoxantrone 30 mg/m2 in

100 mL D5W by IV infusion through a central line

over 60 min, starting immediately after the end of

each dose of HiDAC, once on day 1 and once on day

5 (for a total of two doses). This regimen was

based on studies of leukemia cell dynamics [11].

Dose reductions of HiDAC and mitoxantrone to

2000 mg/m2 and 20 mg/m2, respectively, were

specified for three patients over the age of 70 years.

One younger patient with a left ventricular ejection

fraction of 38% also had a reduction in mitoxan-

trone. Ancillary care included dexamethasone 0.1%

eye drops, two drops to each eye every 6 h for 48 h

after each HiDAC dose, and allopurinol 300 mg

once daily for at least 7 days (for non-allergic patients

with normal renal function). Prophylactic antibiotics

and antiemetic drugs were administered according to

institutional guidelines.

Patients with a suitable human leukocyte antigen

(HLA)-matched donor proceeded to an allogeneic

HCT after initial cytoreduction whenever possible.

Patients without such a donor proceeded to an

autologous transplant only if CR was achieved.

Patients without suitable allogeneic donors and those

who had an inadequate response to induction
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chemotherapy were removed from the study treat-

ment and followed. A minimum of 2 weeks was

required between peripheral blood count recovery

and administration of chemotherapy to mobilize

hematopoietic stem cells.

Mobilization chemotherapy consisted of preserva-

tive-free HiDAC 2000 mg/m2 in 250 mL of D5W by

IV infusion over 2 h, every 12 h for six doses,

together with etoposide 5 mg/kg by continuous IV

infusion over 12 h, every 12 h for six doses, begin-

ning on day 1, for a total cumulative dose of 30 mg/

kg [12]. Granulocyte colony-stimulating factor

(G-CSF) 10 mg/kg was given subcutaneously daily,

beginning on day 14 until completion of leukapher-

esis. Apheresis was begun when the total white blood

cell count reached 410 000/mL, and the peripheral

blood CD34þ cell count was 410/mL. The target

yield for collection of autologous stem cells was

46 106 CD34þcells/kg. Stem cells were cryopre-

served using standard techniques according to

institutional guidelines.

The preparative regimen for autologous HCT

consisted of busulfan given at a dose of 3.2 mg/kg

by IV infusion via central venous catheter over 3 h

daily for 4 days beginning on day 77 (for a total of

12.8 mg/kg) followed by etoposide 60 mg/kg IV over

4 h on day 73. Busulfan was dosed according to ideal

body weight or adjusted ideal body weight (ideal body

weightþ 25% of the difference between ideal and

actual body weights), whichever was lower. Seizure

prophylaxis was administered with Dilantin 300 mg

p.o. daily, beginning 24 h prior to the first busulfan

dose and continuing until 48 h after the last busulfan

dose. Autologous stem cell reinfusion occurred on

day 0, and G-CSF 5 mg/kg/day was administered

subcutaneously beginning on day 0 and continuing

until the neutrophil count was�1500/mL for 2 days or

�5000/mL for 1 day. The preparative regimens for

allogeneic HCT were not specified and varied,

usually performed on other IRB-approved protocols

at The University of Chicago for patients who had

appropriate HLA-compatible donors [13–16].

Assessment of response

To assess initial cytoreduction from induction

chemotherapy, a bone marrow exam was performed

12–14 days after beginning chemotherapy, and a

second bone marrow exam was performed after

peripheral blood count recovery, defined by an

absolute neutrophil count 41500/mL, hemoglobin

410 g/dL, and platelet count 4100 000/mL, which

generally occurred between days 28 and 30. If

patients had not achieved peripheral count recovery

by days 35–40, a bone marrow exam was performed

to assess bone marrow cellularity and disease state.

Response criteria were defined as: CR, 55% bone

marrow blasts with recovery of peripheral blood

counts as above; complete cytogenetic remission

(CCyR), the disappearance of any pre-existing

cytogenetic abnormality; partial remission (PR),

45% bone marrow blasts, but less than the pre-

treatment blast percentage within the bone marrow;

resistant disease (RD), no significant cytoreduction

in bone marrow leukemic cells from pre-treatment

levels; and not evaluable (NE), patients who died

during induction chemotherapy or who withdrew

from follow-up before assessment could be made.

Similarly, after autologous HCT, a bone marrow

exam was performed after peripheral blood count

recovery, or between days 28 and 30 to determine

remission status. The same response criteria were

used as after induction chemotherapy. Time to

engraftment was achieved for neutrophils on the first

day of an absolute neutrophil count 4500/mL for

three consecutive days, and 420 000/mL without

transfusion support for platelets. Following autolo-

gous transplantation, a bone marrow biopsy was

performed approximately every 4 months to evaluate

for recurrent disease. Patients were followed until

death. Relapse was defined as bone marrow blasts

45% if the patient had achieved a CR, or the

recurrence of any clonal cytogenetic abnormality.

Median follow-up for surviving patients was 306 days

(maximum 1972þ). Patient status was current as of

July 2009.

Toxicity assessment

While receiving chemotherapy in the hospital, each

patient underwent a daily assessment of toxicity with

electrolyte and renal studies and complete blood

counts (CBCs). Liver function tests, lactate dehy-

drogenase, and uric acid levels were obtained twice

per week. Grade 3 or greater toxicities were captured.

Treatment-related mortality was defined as any death

not due to relapse and before subsequent consolida-

tion therapy was administered. Comorbidity assess-

ment was made according to the Charlson

Comorbidity Index [17]. t-MN itself was not

assigned a score, since it was the index condition,

but prior malignancies were scored.

Statistical methods

Categorical variables were summarized using fre-

quency and percentage. Mean and standard devia-

tion were reported for normally distributed

continuous variables; for variables with a skewed

distribution, median and range were reported. Over-

all survival (OS) was defined as the time between the

first day of induction therapy and death. For CR

HiDAC/mitoxantrone induction for t-MN 997
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patients, relapse-free survival (RFS) was defined as

the time between the first day of induction therapy

and initial failure, either relapse or death from any

cause, whichever occurred first. The Kaplan–Meier

estimator was used to describe OS and RFS

graphically for patients with different transplant types

[18]. From these estimates, the median survival and

survival rates at 12 months were estimated. Cox

proportional hazards (PH) regression analysis was

used to test the effect of transplant type on OS and

RFS [19]. Since transplant did not take place at the

start of the induction therapy, it was treated as a

time-dependent covariate in the Cox PH regression

analysis.

Results

Remission induction

Thirty-two previously untreated patients with t-MN

were enrolled on this clinical trial between February

2003 and February 2009 at The University of

Chicago. During this period, we evaluated 116

patients with t-MN at our center, 60 of whom were

eligible for participation in this trial. Among the

eligible patients, 28 did not enter this trial: 11

enrolled in other clinical trials, seven sought only

consultation and received care locally, six refused

participation in a clinical trial, and four received

therapy off-protocol. Therefore, the patient popula-

tion enrolled on this clinical trial represented about

50% of eligible t-MN patients seen at our facility.

Patients’ baseline characteristics are listed in Table I.

Median age was 56 years old (range 23–83), and 38%

were 460 years old. Fifteen patients (47%) had a

Charlson Comorbidity Index [17] of �3, indicating

that they were at high-risk for toxicity from the

treatment, due either to older age or underlying

conditions. In 28 patients (88%), t-MN developed

following cytotoxic therapy for a malignant disease,

following rheumatologic disease in two (6%), and

with immunosuppressive therapy after solid organ

transplants in two patients (6%). The latency interval

between patients’ primary cytotoxic treatment and

development of t-MN was highly variable, from less

than 1 year to more than a decade, with a median

latency of 3.6 years (range 0.9–23 years). The

greatest fraction of patients (28%) experienced a

latency of 4–9 years, and in eight patients (25%), the

latency was 2 years or less.

Table II summarizes the cytogenetic abnormalities

seen in our cohort. An abnormal karyotype was seen

in 24 patients (81%), with a complex karyotype

observed in 11 (35%). Among patients with a clonal

cytogenetic abnormality, only 14 (45%) had abnorm-

alities of chromosomes 5 or 7, leading to loss of 5q or

7q, or both. Nine patients (29%) had recurring or

non-recurring balanced rearrangements, including

t(9;11) in five patients, and t(8;21), inv(16), t(6;9),

or t(6;11)(q21;q23), each observed in one patient.

Five t-MN patients (16%) had a normal karyotype.

The response to induction chemotherapy is

summarized in Table III, and 28 patients were fully

evaluable for anti-leukemic response. Overall, 21

patients (66%, 95% CI 47–81%) attained a CR,

including one patient who was treated at a reduced

dose. Five patients (16%, 95% CI 5–33%) achieved a

PR, two patients (7%) had chemotherapy resistant

disease (RD), and four patients were not evaluable,

three because they died during induction and a

fourth who did not undergo bone marrow evaluation

following chemotherapy. Out of the 21 patients who

achieved a CR and had detectable cytogenetic

abnormalities prior to induction therapy, 10 (48%)

achieved a CCyR, including three patients who had a

complex karyotype. Fifty-seven percent of patients

with cytogenetic abnormalities of chromosomes 5

and/or 7 had a CR, compared to 67% of patients with

balanced translocations, and 100% of patients with a

normal karyotype, reflecting previous findings from

the German AML Cooperative Group (AMLCG)

study that cytogenetic risk group is a strong prog-

nostic indicator of survival for patients with t-MN

[20].

All patients were evaluable for toxicity of induction

chemotherapy (Table IV). Grade 3–4 cytopenias and

infection were common. Mucositis was uncommon.

Non-infectious diarrhea occurred in 16% of patients.

An estimate of ejection fraction was made for each

patient prior to initiation of induction chemotherapy,

and was re-determined based on patient symptoma-

tology. Of the four patients (13%) who developed left

ventricular systolic dysfunction after induction ther-

apy, one had a reduced ejection fraction of 43% at

baseline and received a reduced dose of mitoxan-

trone along with desrazoxane. The other three had

normal cardiac function at baseline, although one

patient had documented coronary artery disease, and

the other two had received doxorubicin for their

preceding malignancies (patient 18, 500 mg; and

patient 26, 550 mg). All three of these patients

received full doses of mitoxantrone. The decrease in

ejection fraction was highly variable: one patient had

an absolute decrease of 510%, one declined by

20%, and two had severely depressed function to

520%.

Five patients died during or after induction

chemotherapy: one patient (patient 29) without a

history of coronary artery disease experienced car-

diogenic shock while neutropenic and died on day

15; one (patient 27) suffered an intracranial hemorr-

hage after falling while pancytopenic on day 23; and

998 L. A. Godley et al.
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one (patient 12) had a history of coronary artery

disease and suffered a myocardial infarction at day

28. Two deaths (patients 4 and 5) occurred after they

were discharged following induction chemotherapy,

both due to sepsis while neutropenic. Patient 4 died

with Enterococcus faecium sepsis on day 101, and

patient 5 had presumed Aspergillus sepsis and died on

day 94.

Post-remission therapy

Allogeneic HCT had the highest priority for t-MN

patients on this study, and several sources of

allogeneic stem cells, including matched related,

matched unrelated, umbilical cord, and HLA-hap-

loidentical cells combined with umbilical cord blood

cells, were used [13–16]. The median time from

remission induction to allogeneic HCT was 88 days

(range 61–503 days). Thirteen of 21 patients (62%)

who achieved CR underwent allogeneic HCT (see

‘Appendix,’ Table SI). In addition, two of five

patients (60%) who had achieved PR proceeded

directly to allogeneic HCT without additional

chemotherapy, and one of the five (patient 24)

received high-dose cytarabine and etoposide prior

to allogeneic HCT (Table SI).

For patients who were not candidates for allo-

geneic HCT, due to older age, lack of an available

donor, or patient choice, we tested whether adequate

autologous stem cells could be collected following an

additional course of chemotherapy. Only patients in

CR were candidates for autologous stem cell collec-

tion. In several additional cases, autologous stem

cells were collected as a back-up stem cell source

prior to undergoing an allogeneic HCT, or when it

was uncertain whether an HLA-compatible donor

would be available.

Of the 10 patients in CR who underwent

mobilization chemotherapy, we were able to collect

adequate numbers of autologous stem cells in

seven (70%), as shown in Table V. The total

number of stem cells collected ranged from

2.96 106 CD34þ cells/kg to 30.36 106 CD34þ
cells/kg. Cytogenetic analysis was not performed

routinely on cells collected during apheresis.

Mobilization chemotherapy was well tolerated and

most toxicities were related to cytopenias (Table

IV). Grade 3–4 thrombocytopenia was seen in

three patients and may have contributed to gastro-

intestinal hemorrhage in one patient. One patient

died suddenly at home while pancytopenic after

Table II. Cytogenetic abnormalities in 31 patients* with t-MN.

Karyotype Number (%)

Normal karyotype 5 (16)

Abnormal karyotype 25 (81)

Complex karyotype 11 (35)

Clonal abnormalities{ 26 (84)

Clonal abnormalities of

chromosome 5, 7, or both

(+ other abnormalities) 14 (45)

Abnormal chromosome 5 3 (10)

Abnormal chromosome 7 5 (17)

Abnormal chromosomes 5 and 7 6 (19)

Recurring balanced rearrangements

t(6;9)(p23;q34) 1 (3)

t(8;21)(q22;q22) 1 (3)

t(9;11)(p22;q23) 5 (16)

inv(16)(p13.1q22) 1 (3)

Non-recurring balanced rearrangements

t(6;11)(q21;q23) 1 (3)

Trisomies

þ8 1 (3)

þ13 1 (3)

*One patient was not studied prior to treatment.
{�3 unrelated clones.

t-MN, therapy-related myeloid neoplasms.

Table III. Responses to induction chemotherapy with high-dose cytarabine and mitoxantrone.

CR (%) PR (%) RD (%) NE (%) Total

All patients 21 (66) 5 (16) 2 (6) 4{ (13) 32

Dose of induction chemotherapy

Full dose 20 (63) 5 (16) 2 (6) 1 (3) 28

Reduced dose 1 (25) 0 (0) 0 (0) 3 (75) 4

Cytogenetic abnormalities*

Normal 5 (100) 0 (0) 0 (0) 0 (0) 5

Complex 6 (50) 1 (9) 2 (17) 2 (17) 11

Abnormalities of chromosomes 5/7 8 (57) 3 (23) 1 (8) 2 (15) 14

Balanced translocations 6 (67) 2 (22) 0 (0) 1 (11) 9

Other 1 (50) 0 (0) 0 (0) 1 (50) 2

*Among the patients with complete responses, karyotype data were only available for 18 out of the 19 patients.
{There were three induction deaths due to intracranial bleeding, myocardial infarction, and cardiogenic shock. One patient was unable to

undergo induction assessment.

CR, complete remission; PR; partial remission; RD, resistant disease; NE, not evaluable.
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mobilization chemotherapy. No autopsy was per-

formed, making it difficult to assess causality.

Among the four patients (13%) who underwent

autologous HCT, three had achieved a complete

cytogenetic remission and one had an indeterminate

cytogenetic response to induction chemotherapy. We

observed rapid neutrophil engraftment in all four

patients. One patient failed to achieve an adequate

platelet count, but the other three patients achieved

platelet recovery by 12, 20, and 39 days post-

autologous transplant. Thus, it is feasible to collect

and engraft autologous stem cells in selected t-MN

patients. Two patients subsequently relapsed. One

patient with t-MN and inv(16) has remained in CR.

The fourth patient died in remission 133 days after

successful autologous HCT due to infectious com-

plications.

Survival

The median overall survival was 399 days [Figure

1(A)], and overall survival at 1 year was 51%. Overall

patient survival was significantly improved for those

patients who achieved a CR (median survival, 673

days) compared to those who had a PR (median

survival, 126 days) to induction chemotherapy

[Figure 1(B)]. Overall survival at 1 year was 74%

for patients who had achieved a CR, but was only

20% for patients who had achieved a PR to

induction. Median relapse-free survival was 415

days, with 59% of CR patients remaining relapse-

free at 1 year [Figure 1(C)].

The median survival for patients who received an

allogeneic HCT was 673 days, compared to 399 days

for patients who received an autologous HCT and 93

days for patients who received no transplant [Figure

1(D)]. Overall survival at 1 year was 72% for patients

who had undergone an allogeneic HCT, 75% for

patients who had an autologous transplant, and 17%

for patients who had not received a transplant.

However, since patients who underwent HCT did

not receive the HCT at the start of induction therapy,

these data may not truly indicate that patients who

received a HCT survived much longer than those

who did not. Therefore, we further analyzed the

effect of HCT on survival by treating it as a time-

dependent covariate and found that the effect was

not statistically significant (p¼ 0.83). Similar results

were obtained for relapse-free survival. The rate of

relapse-free survival at 1 year was 67% for patients

who underwent either allogeneic or autologous

HCT, compared to 25% for those who did not

have a transplant. When patients were not considered

candidates for allogeneic HCT, due to either donor

availability or patient preference, there may have

been selection bias as to which patients received an

autologous transplant versus those who went on to

chemotherapy-only consolidation. However, the

numbers are very low. With a median follow-up

time of 29 months for surviving patients, nine

patients (28%) remain alive and disease-free: seven

(22%) after allogeneic HCT, one (3%) after auto-

logous HCT, and one (3%) after consolidation with

only chemotherapy. The median survival for these

nine patients is 917 days (range 140–1972þ)

(Table I).

Discussion

Because of the paucity of prospective treatment data

for patients with t-MN and because these patients are

often excluded from frontline clinical trials, we

sought to determine the remission induction rate

and tolerability of a unified chemotherapy regimen

for these patients. Our high-dose cytarabine and

mitoxantrone combination resulted in a CR rate of

66% and a PR rate of 16% (95% CI 47–81% and 5–

33%, respectively), which compare favorably with the

remission rates that have been achieved for patients

with de novo AML who received similar therapy [21–

25]. Among these studies, remission rates of 58–64%

have been achieved, with remission rates of 70–84%

occurring in patients less than 60 years old.

Cumulative cytarabine and mitoxantrone doses in

these studies ranged from 8000 to 36 000 mg/m2 and

from 60 to 80 mg/m2, respectively. We performed

our trial as a single-center study over a 6-year period,

reflecting the relative rarity of this diagnosis. Further

Table IV. Grade 3–4 toxicities observed in 410% of patients after

each treatment course.

Grade 3–4 toxicity

Number of

patients (%)

Induction

(n¼ 32)

Neutropenic fever 20 (63)

Infection/sepsis 19 (59)

Thrombocytopenia 8 (25)

Left ventricular

dysfunction

4 (13)

Patient 12: 50%!25%

Patient 18: 43%!36%

Patient 26: 58%!10–15%

Patient 29: 54%!16%

Non-infectious

diarrhea

5 (16)

Anemia 3 (10)

Stem cell

mobilization

(n¼ 10)

Neutropenic fever 4 (40)

Thrombocytopenia 3 (30)

Infection/sepsis 3 (30)

Autologous

transplant

(n¼ 4)

Infection/sepsis 3 (75)
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studies to evaluate this regimen as a direct com-

parison to more standard doses of cytarabine

and anthracyclines would require multi-institutional

cooperation to be feasible. We look forward to

other combinations under investigation now

(e.g. cytarabine/amonafide) for patients with t-MN

[26].

Although the overall percentage of patients with a

cytogenetic abnormality was similar to what we have

previously reported for our cohort at The University

of Chicago [2], the distribution of the cytogenetic

abnormalities differed, tending toward patients with

a more favorable prognosis. For example, in our

overall series, 70% of patients had a clonal abnorm-

ality of chromosomes 5 and/or 7, but in this clinical

trial, only 45% of patients had these chromosomal

abnormalities. Patients were not selected for this

clinical trial based upon their karyotype, since we

generally were not aware of a patient’s cytogenetic

abnormalities when the induction regimen was

chosen.

Acute left ventricular dysfunction developed in a

total of four (13%) patients after induction therapy.

Of those, only one had baseline cardiac dysfunction,

and desrazoxane was given in addition to a reduced

dose of mitoxantrone. Because most of our patients

were not treated at our center for their primary

disease, we do not have complete records as to how

much prior anthracycline each patient had received.

Therefore, it is difficult to predict which patients will

develop this serious complication of induction, but

we would advise caution in using our combined

regimen for patients with pre-existing left ventricular

dysfunction.

Our findings are similar to published experience of

treating patients with AML with mitoxantrone or

high-dose daunorubicin, in which cardiac toxicity is

seen at the 5–10% range [22,27]. Seiter et al. found

significant cardiac toxicity in 165 patients with AML

treated with multiple rounds of mitoxantrone-based

induction chemotherapy for AML [22]. In their

study, 25% of patients experienced a decrease in

ejection fraction after three cycles of chemotherapy,

increasing to 33% of patients by cycle 5. Although

our patients received only one cycle of induction

therapy, they had all received prior chemotherapy,

given the nature of t-MN. A feature common to our

experience and published reports is cardiac decom-

pensation with sepsis [22,28], and therefore aggres-

sive management of neutropenic fever is advised.

Because successful transplant requires adequate

cardiac function, careful attention must be given to

the cardiac status of patients treated with our

induction regimen.

Our study demonstrates the feasibility of stem cell

mobilization and collection in patients with t-MDS/t-

AML, since in seven out of 10 patients in whom

autologous stem cell collection was attempted, we

were able to cryopreserve �2.06 106 CD34þ cells/

kg (Table V). Failure to collect sufficient autologous

stem cells from three patients is higher than in other

studies that have used high-dose mitoxantrone

for stem cell mobilization [29], which may reflect

a bias of our small sample size or the nature of

Table V. Stem cell collection and autotransplant.

Patient

study ID

No. of

apheresis

collections

No. of stem

cells collected

(6106 CD34þ

cells/kg)

No. of stem

cells used for

autologous HCT

(6106 CD34þ

cells/kg)

Time to

neutrophil

engraftment

(days to

ANC4 500)

Time to

platelet

engraftment

(days to Plts

420 000/mL)

DFS

(days)

Survival

post-Auto

Tx (days)

Last

known

status

Patients

successfully

collected

10 3 2.92 2.92 13 39 95 194 Relapse

11 5 3.53 3.53 13 N/A

(no engraftment)

349 133 Died in

remission

14 1 15.43 0* N/A N/A 197 N/A Died in

remission

15 3 8.93 0* N/A N/A 280 N/A Died in

remission

18 1 11.61 0* N/A N/A 76 N/A Relapse

20 1 30.31 10.1 11 20 883þ 817þ CR

25 1 5.46 5.46 11 12 385 393 Relapse

Reason for collection failure

Patients

who failed

to collect

3 Wbc count too low

17 Sudden death while pancytopenic after mobilization chemotherapy

28 Wbc count too low

*Eventually received an allogeneic HCT.

HCT, hematopoietic cell transplant; ANC, absolute neutrophil count; Plts, platelets; DFS, disease-free survival; N/A, not assessed; Wbc,

white blood cell.
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pre-treatment with prior therapy in patients with

t-MN. Among the four patients who underwent

autologous HCT, all four experienced rapid neutro-

phil engraftment by day þ13. However, one patient

failed to engraft platelets and died of infectious

complications without evidence of t-MN, and two of

the other patients took �20 days to achieve a platelet

count above 20 000/mL. Notably, the only patient who

has survived long-term after autologous HCT had a

good-prognosis AML with inv(16) [30].

Of the 16 patients who underwent allogeneic

HCT, nine (56%) are long-term survivors, all of

whom had achieved a CR to induction chemother-

apy. Among the three patients who had an allogeneic

HCT despite only a PR to induction chemotherapy,

one patient has had a prolonged survival of more

than 500 days. Of the four patients who had an

autologous HCT, only one patient survived long-

term, and among the three patients who received

chemotherapy-only consolidation, we also observed

only one long-term survivor. Therefore, although our

patient numbers are small, it would appear that the

clinical parameter most associated with overall and

disease-free survival was the ability to achieve a CR to

induction chemotherapy. Once CR was achieved,

allogeneic HCT for t-MN provided 29% survival at 3

years, a reasonable outcome given these patients’

significant comorbid conditions and extensive prior

chemotherapy exposure.
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Figure 1. Patient survival. (A) Overall patient survival (n¼ 32). (B) Overall survival based on response to induction chemotherapy. Dashed

line, 21 patients who achieved a CR to induction therapy. Solid line, five patients who achieved a PR to induction therapy. (C) Relapse-free

survival (n¼21). The log-rank test was used to compare the curves, and the p-value is indicated. (D) Survival curves based on post-induction

therapy, treating HCT as a time-dependent covariate. Short-dashed line, 16 patients who underwent allogeneic HCT; long-dashed line, four

patients who underwent autologous HCT; and solid line, 12 patients who had no transplant. The log-rank test was used to compare the

curves, and the p-value is indicated.
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Appendix

Table SI. Post-induction therapies.

Response to

induction

Second

induction

course

Consolidation

chemotherapy

Autologous

HCT

Allogeneic

HCT

CR (n¼21) 0 3 4 13 (donors: 5 matched sibling, 4 matched unrelated,

1 mismatched related, 1 double cord, and 2 haplocord)

PR (n¼ 5) 0 0 0 3 (donors: 2 matched sibling and 1 haplocord)

RD (n¼2) 1 0 0 0

Total (n¼28)* 1 3 4 16

*Four patients were not evaluable, and four patients received no therapy beyond initial induction.

CR, complete remission; PR, partial remission; RD, resistant disease; HCT, hematopoietic cell transplant.
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